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METHOD OF MAKING FOR RF LINE 
REPLACABLE MODULES 

STATEMENT OF GOVERNMENT INTEREST 

This invention was made with Government support 
under United States Government Contract No. F33657 
86-C-2145 awarded by the United States Air Force. The 
Government has certain rights in this invention. 

This application is a Division of Patent Application 
Ser. No. 07/247,865, now Pat. No. 4,837,669, issued 
June 6, 1988 ?led Sept. 12, 1988, entitled, BUILDING 
BLOCK COMPOSITE DESIGN AND METHOD 
OF MAKING FOR RF LINE REPLACEABLE 
MODULES. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a design and method 

of fabrication for an RF line replaceable module (LRM) 
utilizing a “building block” fabrication approach of 
composite material moldings for use in future avionic 
systems. 

2. Description of the Prior Art 
To date, airborne radio frequency (RF) modules have 

been composed of aluminum blocks machined to spe 
ci?c internal and external con?gurations. The weight of 
the RF module is a critical factor because their applica 
tions usually involve advanced avionics where weight 
of the critical radar components must be maintained to 
a minimum. 

In electronic applications such as airborne or aero 
space electronics, speci?cally radar systems, it is highly 
desirable to minimize the weight of the thermal transfer 
means utilized in these systems. 
Aluminum is relatively light weight-0.1 lb/in3. 

However, the defense applications and demand for, 
lightweight avionics require the utilization of composite 
materials for Standard Electronic Modules (SEM). The 
thermal integrity of the mounting surfaces of these ther 
mal planes for avionics use must be maintained. There 
fore, a molded composite thermal plane of pitch based 
carbon ?ber having unique heat conductive properties 
would preserve the thermal integrity of the mounting 
surfaces without undue weight. A weight reduction of 
potentially thirty-?ve percent could be expected per 
unit. ' 

The problem to be solved then is the design and fabri 
cation of an RF line replaceable module or standard 
electronic module having extremely light weight while 
maintaining thermal integrity. 
The trend for the next generation of LRMs is to con 

tinue minimizing weight and unit costs. It is therefore 
important to think in terms of standardizing composite 
moldings and specializing only in those portions requir 
ing speci?c designs. The concept as addressed by this 
invention implements an RF module having three stan 
dard composite moldings which signi?cantly reduces 
material weight, improves thermal performance, as well 
as overall unit cost. 

It is standard practice in existing electronic systems to 
utilize as a thermal transfer means a conductive thermal 
plane with printed circuit boards mounted upon it. The 
printed circuit boards are mounted with heat generating 
electronic components which require heat dissipation. 
Such heat dissipation via a conductive thermal plane 
makes use of plates of aluminum or copper having one 
or more printed circuit boards mounted upon it. The 

5 

25 

30 

35 

40 

45 

50 

65 

2 
thermal plane interfaces with a heat sink contacting and 
conducing heat to the edges of the thermal plane. 
A thermal transfer means as seen in US. Pat. No. 

4,602,678, entitled “Interfacing of Heat Sinks With 
Electrical Devices And The Like,” issued July 29 1986 
to inventor Herbert J. Fick, is described as a silicon 
layer with embedded thermally conductive metal ox 
ides. 

In a recently issued patent, US. Pat. No. 4,730,232 
entitled “High Density Microelectronic Packaging 
Module for High Speed Chips”, as owned by the as 
signee of the present invention, an aluminum thermal 
plane for cooling printed circuit board attachments as 
positioned on opposing sides of the thermal plane in a 
standard electronic module is described. 

Further, the utilization of composite heat transfer 
material such as P-lOO, a pitch based carbon ?ber in a 
matrix such as an epoxy as seen in issued US. Pat. No. 
4,849,858 entitled “Composite Heat Transfer Means” is 
known in the art. This patent, owned by the assignee of 
the present invention, describes a thermal heat transfer 
member comprising a planar composite utilizing ther 
mally conductive graphite ?bers disposed within a ma 
trix material. That invention, “Composite Heat Transfer 
Means”, was usable in a variety of applications ranging 
from the SEM embodiment with a composite heat trans 
fer member bonded between circuit board laminates, to 
a more generic thermal plane electronic application for 
use as a heat transfer member wherein one part of an 
electronic chassis or RF module. 

SUMMARY OF THE INVENTION 

In accordance with the above-stated requirements of 
the present invention, a composite design and method of 
making same for RF line replaceable modules (LRM’s) 
suitable for use in advanced development avionic sys 
tems is described. 
The LRM comprises three standard composite 

molds: a cover, at least two “eggcrate” grid partition 
means, and a composite material heat conductive ther 
mal plane The method of making this RF module as 
described utilizes molded parts, wherein portions of the 
“eggcrate” grid partitions not needed for electromag 
netic interference shielding are machined away from 
the grids on both sides. Bonding of the eggcrate grid 
materials to the thermal plane on each side of the plane 
can be achieved by adhesive bonding or mechanical 
bonding prior to the mechanical attachment of the top 
and bottom covers. Radio frequency, open or hermeti 
cally sealed, circuit components are mounted upon the 
composite material heat conductive thermal plane The 
?nal attachment of the top and bottom covers utilizes 
standard hardware. 

This composite design utilizing a “building block” 
concept is unique in its approach to fabrication of RF 
modules using standard composite molds results in an 
extremely lightweight line-replaceable module (LRM). 
The key features and advantages to this disclosed 

device are; the lightweight chassis and covers replacing 
aluminum with reinforced plastic material, minimal 
machining by maximization of standard molds, high 
heat conductivity composite material thermal planes, 
low cost per module through the optimization of com 
posite selection and location, and ?nally, design time 
minimization through the creation of customized de 
signs using the simple standard “building blocks”. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention, reference 
may be had to the preferred embodiments exemplary of 
the invention shown in the accompanying drawings in 
which: 
FIG. 1 is a side view of a composite RF module; 
FIG. 1A is a top plan view with cover removed of 

the composite RF module; 
FIG. 2 is an exploded orthogonal view of the “build 

ing blocks” utilized in the fabrication of the composite 
RF module; and 
FIG. 3 is an orthogonal view of the preferred em 

bodiment a composite RF, LRM module. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a side view of the composite RF module 10. 
This composite RF module 10 comprises a bottom 
cover 12, which is ?xably mounted to a grid partition 
bottom member 14. Both the bottom cover 12 and grid 
partition bottom member 14 are reinforced plastic in 
epoxy. Thermal plane 16 rests upon the grid partition 
bottom 14. Thermal plane 16 would be made of a highly 
conductive composite material—for example, P-lOO in 
epoxy. A grid partition top 14’, also composed of a 
reinforced plastic material is mounted by adhesive or 
mechanical means to the highly conductive thermal 
plane 16. This thermal plane 16 is effectively “sand 
wiched” between the composite material grid partition 
top 14’ and the composite material grid partition bottom 
14. As shown in FIG. 1, a multiplicity of RF circuit 
components 18 are mounted upon both sides of the 
thermal plane 16. Finally, a top cover 12’ also a light— 
weight composite is mechanically interconnected to the 
grid partition top 14’, and the building block construc 
tion of the composite model 10 is complete. 
FIG. 1A is a top plan view of the composite RF 

module as shown in FIG. 1. In FIG. 1A, the lightweight 
composite top cover 12’ is removed to show in detail 
the “eggcrate” grid partition concept. “Eggcrate” grid 
partition top 14’ has thermal plane 16 ?xedly connected 
to, and beneath the grid partition top 14’. RF compo 
nents 18 can be seen mounted between individual sec 
tions of the “eggcrate” grid partition top 14’. Heat pro 
duced by these RF components 18 is conducted from 
the interior of the thermal plane to the exterior of the 
thermal plane by the highly conductive thermal plane 
composite material 
FIG. 2 is an exploded, orthogonal view of the com 

posite RF module demonstrating the various intercon 
nected composite mold sections. Again, the bottom 
cover 12 is designed to be rigidly mounted either adhe 
sively or mechanically to the “eggcrate” grid partition 
bottom 14 which, may be fabricated of either man-made 
or natural composite material. As shown in FIG. 2, if 
this “egg crate” grid partition bottom 14 is fabricated of 
heat conductive material, like the thermal plane 16, then 
RF components 18" and other circuitry could be 
mounted to the sides of the grid partition bottom 14. 
This composite material is hollowed out and tooled, 
providing an SEM having the lightest weight with 
greatest strength The thermal plane 16 can be seen 
thermally conducting heat away from the mounted 
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radio frequency components 18 while the “eggcrate” 
grid partition top 14’, provides added stability, strength, 
and electrical isolation. Not unlike the grid partition 
bottom 14, the grid partition top 14’ fabricated of heat 
conductive composite material could support RF com 
ponents 18". Finally, the top cover 12’ can be seen 
completing this “building block” construction for a 
composite RF module. 

FIG. 3 is an orthogonal view of the preferred em 
bodiment a composite, radio frequency, LRM module. 
The bottom composite cover 12 designed to be rigidly 
mounted to the “eggcrate” partition bottom 14, is of a 
composite material which can be conducting or non 
conducting. The “eggcrate” partition bottom 14 is also 
comprised of a composite material, for examples, car 
bon ?ber in an epoxy matrix. A multiplicity of RF com 
ponents 18 are ?xedly mounted upon the heat conduc 
tive thermal plane 16. The thermal plane 16 comprises a 
pitch based carbon ?ber wherein all the ?bers run in the 
same direction such as, P-lOO or P-l20, an AMOCO 
Performance Product, for example. 
Numerous variations may be made in the above 

described combination and different embodiments of 
this invention may be made without departing from the 
spirit thereof. Therefore, it is intended that all matter 
contained in the foregoing description and the accom 
panying drawing shall be interpreted as illustrative and 
not in a limiting sense. 
We claim: 
1. A method of fabricating a line replaceable elec 

tronic module, said module having a multiplicity of 
electronic components, connectors and interfaces, ?rst 
and second standard planar grids, at least one heat con 
ductive composite planar thermal means operable to 
dissipate heat, and top and bottom composite covers, 
said method of fabricating, comprising the steps of: 

a. molding, using standard molds, said ?rst and said 
second standard composite planar grids, said ?rst 
and said second standard composite planar grids 
having at least two sides; 

b. machining, said two sides of said ?rst and said 
second standard composite planar grids a predeter 
mined amount, removing said composite material 
not required for said line replaceable module elec 
tromagnetic interference shielding; 

c. bonding, said first and said second standard com 
posite planar grids to said heat conductive compos 
ite planar thermal means, said ?rst standard com 
posite planar grid on one side of said heat conduc 
tive composite thermal plane and said second stan 
dard composite planar grid on the opposing side of 
said heat conductive planar thermal means; 

. plating, said ?rst and said second standard compos 
ite planar grid and said heat conductive composite 
planar thermal means, and top and bottom compos~ 
ite covers with a conductive material; 

e. mounting, a multiplicity of components, connec 
tors and interfaces upon said heat conductive com 
posite planar thermal means; and 

f. attaching, said top and said bottom covers to said 
?rst and said second standard composite planar 
grids utilizing standard hardware. 
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